Introduction
The ability to measure forest site productivity potential is a critical prerequisite for predicting forest growth and yield (McDill and Amateis 1992) . As a result, many height growth pattern or site index models have been developed, including several recent ones by Goelz and Burk (1992) and Payandeh and Wang (1993a) . McDill and Amateis (1992) developed and discussed the following height yield model: where H is stand or tree height m, Ho is initial stand or tree height, t is stand or tree age in year, to is initial stand or tree age, and pl and p2 are model parameters with P1 being the upper asymptote.
The model was based on the principle of dimensional compatibility and developed from the following differential equation (McDill and Amkateis 1992): Equation (1) possesses the following properties as a potential site index model (for P1, P2 > 0): 1) H+Oast-+O, 2) H -+ pl or upper asymptote as t + oo,
3) H + H o a s t + t o .
All the above mentioned attributes are among the desirable characteristics of a good site index model as described by Goelz and Burk (1992) . To apply equation (1) as a base-age specific height (site index) model, it was modified in the following manner:
Canadian Forest Service, Ontario Region, 1219 Queen Street East, Sault Ste. Marie, Ontario, P6A 5M7 where S is the site index and ti is the index age and E is random error with E(E) = 0 and Var ( E ) = 62. Model (2) resembles a simplified version of Yoshida's growth model as discussed by Zeide (1993) where it is written in the form of: where A fixther modification of (2) will produce its base-age invariant version as:
where Hl and H2 are predictor and predicted heights, and tl and t2 are predictor and predicted age, respectively. E(H) + S as t -+ ti and E(H2) + Hl as t2 + tl for models (2) and (3), respectively. This paper compares the performance of models (2) and (3) with the following base-age specific (4) and (5) and base-age invariant (6) and (7) models:
NOVEMBER/DECEMBER 1996, VOL. 72, NO. 6, THE FORESTRY CHRONICLE H = p1sP2 (I -e -P 3 t ) P + E where was used. For example, height at age t is predicted by heights at ages t * 5 years. To fit equations (3), (6) and (7), the data s t w (5) ture consisted of H, HC1, t and t -1 for each observation on each tree. The equations were evaluated using the root mean squared error W E ) , the mean absolute deviation (MAD), and the average bias (MBIAS). These statistics are defined as follows: (4) and (5) were originally proposed by Ek (197 1) and by Payandeh and Wang (1993a) , respectively. Models (6) and (7) were developed by Goelz and Burk (1992) and Payandeh and Wang (1993b) , respectively.
Materials and Methods
Three stem analysis data sets were used to evaluate the models: (1) an aspen (Populus tremuloides Michx.) data set from north central Ontario consisting of 144 trees, described by Deschamps (1991) ; (2) a white spruce (Picea glauca (Moench) Voss) data set from the MacKenzie District of the Northwest Territories with 210 trees, described by Newnham (1988) and Alemdag (1988) ; and (3) a black spruce (Picea mariana (Mill.) B.S.P.) data set. In the black spruce data, 230 trees were selected h m sample plots located in north central Ontario established during the last decade for various studies. Trees were cut at 15 cm (stump height), 75 cm, 130 cm, 2 m, at 1 m intervals from 2 to 13 m, and at 50 cm intervals thereafter. Stem analysis was completed using the TRIM system (Fayle et al. 1983; MacIvor et al. 1985) . Height, age at breast height and DBH were derived via the TRIM software from age one to the total age by one year intervals. Heights at five-year intervals (e.g. heights at ages 5, 10, 15, . . .) and index age 40 for aspen and 50 for the spruces were used in the analysis.
Two different data structures were necessary to fit the baseage specific and base-age invariant models (Payandeh and Wang 1993b) . Equations (2), (4), and (5) were fitted using the original data sets containing age, height and site index for each observation and each tree. Goelz and Burk (1992) used all height and age measurements to fit a base-age invariant site index model for predicting all other heights for a tree. For example, a tree with 10 measmments would provide 90 observations, each height predicted in turn by nine heights at other ages. This method generates a large number of observations which may not be necessary. Here, a structure with only two adjacent observations where Hi. is the observed height for the jth tree at the ith section height in a data set, H,, is the estimated height via a fitted model for the jth tree at the ith section height in the data set, is the number of sections for the jth tree, and K is the number of trees in the data set Index ages 40 or 50 and the corresponding heights as S were used for the base-age specific equations (2), (4) and (5). Ages 40 or 50 and the corresponding heights were treated as tl and Hl when RMSE, MAD, and MBIAS were calculated for the fitted base-age invariant equations (3), (6), and (7).
Results and Discussion
RMSE, MAD, and MBIAS for the six equations are given (Table 1) . Site index curves generated from equations (2), (4), and (5) fitted to the aspen, white spruce and black spruce data sets, respectively are shown (Fig. 1) . Site index curves were generated (Fig. 2 ) from equations (3), (6), and (7) fitted to the same data sets.
The base-age specific models produced more accurate results than the base-age invariant ones, as evidenced by any of the three statistics RMSE, MAD andlor MBIAS (Table 1) . Evaluated by the MBIAS, equations (2) and (3) do not perform the best; however, judged by RMSE or MAD, they are more accurate than the other equations in most cases.
Equation (4) is an excellent base-age specific site index model, but it does not satisfy the site index definition (i.e, H r S as t -+ ti). Equation (5) was developed to overcome this shortcoming. Equation (2) is the simplest model, having only three parameters as compared with the five parameters of equation (4). In addition to performing very well, equation (2) intrinsically has the properties of H -+ 0 as t + 0 and H -+ S as t -+ ti. The above reasoning applies to equation (3), a base-age invariant version of equation (2), as well. Number of observations (N), estimated parameters, R~, RMSE, MAD, and MBIAS for equations (2)-(7) fitted to NOVEMBERIDECEMBER 1996, VOL. 72, NO. 6, THE FORESTRY CHRONICLE
Conclusion
A m~~c a t i o n of McDill and Amateis (1992) height growth model can provide a useful base-age specific as well as a base-age invariant site index model. More extensive evaluation of these models on larger and different data sets is recommended to verify the conclusions reached in this study.
